Seizure recurrence in patients with solitary cystic granuloma or single parenchymal cerebral calcification: A comparative evaluation  by Sharma, Laxmi Narayan et al.
Seizure 22 (2013) 840–845Seizure recurrence in patients with solitary cystic granuloma or single
parenchymal cerebral calciﬁcation: A comparative evaluation
Laxmi Narayan Sharma, Ravindra Kumar Garg *, Rajesh Verma, Maneesh Kumar Singh,
Hardeep Singh Malhotra
Department of Neurology, King George Medical University, Lucknow, Uttar Pradesh, India
A R T I C L E I N F O
Article history:
Received 24 April 2013
Received in revised form 1 July 2013
Accepted 2 July 2013
Keywords:
Cysticercosis
Neurocysticercosis
Epilepsy
Computed tomography
A B S T R A C T
Background: Solitary cysticercus granuloma and single parenchymal calciﬁed lesion are two common
neuroimaging abnormalities in Indian patients with epilepsy. In this study, we evaluated the frequency
and predictors of seizure recurrence in patients presenting with new onset epilepsy or single epileptic
seizures and these two different imaging ﬁndings.
Materials and methods: We enrolled 115 patients with newly diagnosed epilepsy. All patients were
clinically evaluated and were treated with oxcarbazepine. No anti-helminthic treatment was prescribed.
The patients were followed up for 6 months. In the solitary cystic granuloma group, repeat computed
tomography was done after 6 months.
Results: The study included 80 patients with solitary cysticercus granuloma and 35 patients with a single
calciﬁed lesion. Twenty (25%) patients with solitary cysticercus granuloma and 12 (34.3%) patients with
parenchymal calciﬁed lesion had a seizure recurrence during the study period (p = 0.307). After 6
months, 57 (71.3%) patients in the solitary cysticercus granuloma group demonstrated complete
resolution of the granuloma and in 21 (26.2%) patients the granuloma transformed into a calciﬁed lesion.
In the solitary cysticercus granuloma group, a family history of seizure, serial seizures and calciﬁcation
on follow-up neuroimaging (p < 0.05) were signiﬁcantly associated with recurrence of seizures. In
patients with a single parenchymal calciﬁed lesions, electroencephalographic abnormalities and serial
seizures (p = <0.05) were signiﬁcant predictors of recurrence. Kaplan–Meier statistics revealed that the
seizure recurrence rate was insigniﬁcantly higher in patients with calciﬁed lesions than in patients with
solitary cysticercosis granulomas.
Conclusion: In conclusion, in patients with solitary cysticercus granuloma, a family history of seizures,
serial seizures and calciﬁcation of the granuloma, and in patients with a calciﬁed brain lesion,
electroencephalographic abnormalities, family history of epilepsy and serial seizures were associated
with an increased risk of seizure recurrence.
 2013 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
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In India and many other countries of the South-East Asian
region, solitary cysticercus granulomas are the most frequent form
of neurocysticercosis. Solitary cysticercus granulomas manifesting
as single ring/disk enhancing lesion of brain are a commonly seen
neuroimaging abnormality in patients with new-onset epilepsy.
Cysticercus granulomas represent the colloidal or nodular-granu-
lar stage of evolution of a cysticercus cyst. Solitary cysticercus
granulomas are usually less than 20 mm in diameter and* Corresponding author at: Department of Neurology, King George Medical
University, Lucknow 226003, Uttar Pradesh, India. Tel.: +91 9335901790;
fax: +91 522 2258852.
E-mail address: garg50@yahoo.com (R.K. Garg).
1059-1311/$ – see front matter  2013 British Epilepsy Association. Published by Else
http://dx.doi.org/10.1016/j.seizure.2013.07.001surrounded by a varying amount of perilesional vasogenic
edema.1–4 In their natural course, solitary cysticercus granulomas
often resolve spontaneously. Seizures in patients with solitary
cysticercus granulomas tend to respond well to antiepileptic drug
treatment, and the recurrence of seizures, after commencement of
antiepileptic drug treatment is infrequent.5
Solitary parenchymal cerebral calciﬁcations are another form of
neurocysticercosis frequently seen in Indian subcontinent. Calci-
ﬁed lesions are, in fact, healed cysticercus lesions and can manifest
clinically with recurrent seizures.6–8 Approximately 19–26% of
cysticercal lesions eventually become calciﬁed.9,10 Although
calciﬁed lesions are considered inactive, perilesional inﬂammation
and blood–brain barrier dysfunction, the presence of scolex in the
lesion, and evidence of perilesional gliosis have been demonstrat-
ed.11–13 Perilesional inﬂammation and subsequent edema as well
as gliosis around the lesions are considered possible causes ofvier Ltd. All rights reserved.
Fig. 2. Computed tomography showing a single cerebral parenchymal calciﬁcation
along with perilesional edema.
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calciﬁed lesions.14 In patients with cerebral calciﬁed lesions, the
exact natural history, and mechanism or treatment of associated
epileptic seizures have not been well-studied.
In this comparative study, we evaluated the frequency and
predictors of seizure recurrence in patients with newly diagnosed
epilepsy found to have solitary cysticercus granulomas or single
cerebral calciﬁed lesions at the time of ﬁrst presentation with
epilepsy or single epileptic seizures.
2. Materials and methods
This prospective follow-up study was conducted in the
Department of Neurology, King George Medical University, Uttar
Pradesh; Lucknow, India, from August 2010 to August 2012.The
study was approved by Institutional Ethics Committee of our
university. Written informed consent was obtained from all the
patients or their legal guardians, if the patient was a minor.
Consecutive patients with newly diagnosed epilepsy were
enrolled in the study (within 2 weeks of the occurrence of ﬁrst
seizure). The seizure semiology was determined on the basis of
history, given either by patient and eye-witnesses when available.
The seizure type was categorized according to the International
League against Epilepsy Classiﬁcation system.15 The family history
was considered positive, when a history of an unprovoked seizure
was present in ﬁrst degree relatives (parents or siblings).16 Serial
seizures were deﬁned as multiple seizures occurring within 24 h.17
2.1. Inclusion criteria
Inclusion into the solitary cysticercus granuloma group
depended on the presence of new-onset epilepsy (<14 days), no
evidence of increased intracranial pressure, no or minimal focal
neurological deﬁcits, and no evidence of any systemic illness.
Neuroimaging criteria included the presence of a single ring or disk
enhancing lesion of less than 20 mm in diameter on contrast-
enhanced computed tomography (CT) with or without perilesional
edema.18 Calciﬁed lesions were deﬁned as single hyperdense
lesions of a diameter of 1 cm or less on non-contrast enhanced
computed tomography. Presence of an area of perilesional
hypodensity suggested perilesional edema. (Figs. 1 and 2)Fig. 1. Contrast enhanced computed tomography showing a solitary cysticercus granul
lesion (left).2.2. Exclusion criteria
Patients, who had already taken antiepileptic drugs, antihel-
minthic treatment or corticosteroids, were excluded. In addition to
these, patients with obvious systemic illness (like tuberculosis,
hepatic or renal impairment) were also excluded.
2.3. Evaluation
A detailed historical description of the patient’s seizure
semiology was obtained and a detailed clinical examination was
carried out. A battery of laboratory tests including full blood count,
erythrocyte sedimentation rate, blood sugar, blood urea nitrogen,
creatinine, and chest radiograph, and enzyme-linked immunosor-
bent assay for human immunodeﬁciency virus (HIV) was
performed. Serological testing for neurocysticercosis was notoma (right); follow up computed tomography showing complete resolution of the
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inclusion. EEG was done on a 21-channel machine, by using the
10–20 electrode placement system. An experienced neurologist
reported the EEGs. EEGs were classiﬁed either as normal or
abnormal. Epileptiform EEG activities (spikes, spike wave, sharp
waves, sharp-slow wave, and polyspike waves) were considered
abnormal.
2.4. Treatment
All patients were treated with oxcarbazepine, according to their
body weight. The dose given in children was given 10 mg per
kilogram body-weight, in two divided doses. In adults, oxcarba-
zepine was initiated at a dosage of 300 mg twice daily. If the
patient had a seizure recurrence, the dose of oxcarbazepine was
increased or clobazam was added.19 Antiepileptic drug levels were
not performed. As per departmental protocol, none of the patient
with solitary cysticercus granuloma received albendazole therapy.
2.5. Follow-up
Patients were followed for 6 months (at 1, 3 and 6 month). At
each follow-up, information about seizure recurrence and drug
toxicity was recorded. Seizure recurrence was deﬁned as seizure
recurrence occurring at least 1 week after antiepileptic therapy had
ﬁrst been prescribed.13 Status epilepticus was deﬁned either as
continuous seizure activity or as repetitive seizure activity without
regaining consciousness over a 30 min period.16 Three or more
seizure episode were classiﬁed as multiple seizure recurrences. In
case of seizure recurrence, the patients were advised to get in
touch with one of the investigators.Fig. 3. Flow diagram of the study (AED = anti-epThe patients with solitary cysticercus granuloma were sub-
jected to follow up CT after 6 months. The lesion was considered
‘‘resolved’’ if the follow up scan did not show the granuloma and
computed tomography was reported as normal. The lesion was
considered ‘‘calciﬁed’’ if follow up CT showed a hyperdense lesion
in place of the granuloma.
2.6. Statistical analysis
The data were analyzed using the SPSS 16 statistical software
package and Microsoft Excel. Factors associated with an increased
risk of seizure recurrence were identiﬁed by univariate and
multivariate analysis. Multivariate analysis was performed by
using the stepwise logistic regression model. The variables, that
were analyzed included age (<20 years), sex, serial seizure at
onset, family history of seizures, history of headache and
electroencephalography abnormality. In addition to these vari-
ables, resolution of the lesion after 6 months was also analyzed in
the solitary cysticercus granuloma group. P value of <0.05 was
considered statistically signiﬁcant.
3. Results
In our study 360 patients with newly diagnosed epilepsy were
evaluated. CT was performed in all of these patients. One-hundred-
ﬁfteen patients with solitary cysticercus granuloma and 43
patients with single parenchymal calciﬁed lesion were identiﬁed
in the screened population. Out of 115 patients with solitary
cysticercus granuloma, 35 patients were excluded. Among 43
patients with single parenchymal calciﬁed lesion, 8 patients were
excluded. Thus, there were 80 patients in solitary cysticercusileptic drug; CT = computed tomography).
Table 1
Baseline characteristics of study population.
Variable Solitary cysticercus granuloma (n = 80) Calciﬁed lesion (n = 35) p-Value
Age (mean  SD) 17.56  10.31 21.00  9.12 0.092
Sex (Male) 52 (65.0%) 22 (62.9%) 0.825
Age 20 yrs. 59 (73.8%) 22 (62.9%) 0.239
Duration of illness (Mean  SD days) 5.01  2.91 4.43  2.47 0.302
Seizure characteristics
Simple partial 19 (23.8%) 16 (45.7%) 0.057
Secondary generalized 51 (63.8%) 15 (42.9%) 0.060
Generalized tonic-clonic 10 (12.5%) 3 (8.5%) 0.830
Nocturnal 9 (11.3%) 3 (8.6%) 0.665
Serial seizures 12 (15%) 6 (17.1%) 0.770
Todd’s palsy 5 (6.3%) 0 (0.0%) 0.130
Headache 37 (46.3%) 25 (71.4%) 0.035
EEG abnormalities 16 (20.0%) 2 (5.7%) 0.052
Location of lesion on CT
Partial 50 (62.5%) 23 (65.7%) 0.611
Frontal 24 (30%) 11 (31.4%)
Temporal 2 (2.5%) 1 (2.9%)
Occipital 4 (5%) 0 (0%)
Perilesional edema 65 (81.2%) 4 (11.4%) 0.001
CT, computed tomography; EEG, electroencephalography.
Statistically signiﬁcant p values are indicated in bold.
Table 2
Comparison of seizure outcome in two groups.
S. No. Variables Solitary cysticercus granuloma group (n = 80) Calciﬁed lesion group (n = 35) p Value
1. Seizure recurrence 20 (25.0%) 12 (34.3%) x2 = 1.06, p = 0.303
RR = 0.86
CI = 0.64–1.17
2. Multiple seizure recurrence 4 (5%) 4 (11.4%) x2 = 1.56, p = 0.213
RR = 0.70
CI = 0.35–1.42
RR, Relative Risk CI, Conﬁdence interval.
Fig. 4. Kaplan–Meier curves comparing seizure recurrence in solitary cysticercus
granuloma (SCG) and calciﬁed lesion groups.
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group. (Fig. 3)
3.1. Baseline characteristics
The mean age of the study population was 18.4  10.05 years
(range 5–60 years). Approximately, 60% of the patients were less than
20 years of age. Other baseline characteristics are shown in the
Table 1. The majority of included patients had partial seizures with or
without secondary generalization. Serial seizures and EEG abnormal-
ities were more frequently encountered in patients with solitary
cysticercus granuloma. Todd’s palsy was seen only in patients with
solitary cysticercus granuloma. In patients with cerebral calciﬁed
lesions, seizures were more frequently of the simple partial type
(without generalization); headache was also more frequently
experienced. In both the groups, the most frequent cerebral location
of the lesion was parietal lobe. (Table 1)
3.2. After 6 months of follow up
3.2.1. Follow-up computed tomography
After 6 months of follow-up, the solitary cysticercus granuloma
had resolved completely in 57 (71.3%) of the patients. In 21 (26.2%)
of the patients solitary cysticercus granuloma had transformed
into a calciﬁed lesion. The remaining 2 patients either had partial
resolution or no resolution of the granuloma. (Fig. 1)
3.2.2. Recurrence of seizure
After 6 months of follow-up, 25% (20/80) of patients in the
solitary cysticercus granuloma group and 34.3% (12/35) of patients
in the calciﬁed group had seizure recurrences. Seizure recurrences
were, insigniﬁcantly, more frequent in the calciﬁed group
(p = 0.307) (see Table 2) Kaplan–Meier curve analysis revealedthat the cumulative risk of seizure recurrence was insigniﬁcantly
higher in the calciﬁed group in comparison to that in the solitary
cysticercus granuloma group (Fig. 4).
3.2.3. Predictors of seizure recurrence in solitary cysticercus
granuloma group
None of patients with complete resolution of granuloma had a
seizure recurrence. On univariate analysis, a family history of
seizures (p = 0.010), serial seizures (p = 0.001) and calciﬁcation of
solitary cysticercus granuloma (p = 0.001) were signiﬁcantly
associated with the seizure recurrence (Table 3). On multivariate
analysis none of factors was found signiﬁcant.
3.2.4. Predictors of seizure recurrence in calciﬁed lesion group
In the calciﬁed lesion group, EEG abnormalities (p = 0.044), a
family history of epilepsy (p = 0.012) and serial seizures (p = 0.005)
Table 3
Prognostic factors in solitary cysticercus granuloma group.
S. No. Variable Seizure recurrence p Value
Absent (n = 60) Present (n = 20)
1.
Sex
Male 41 (68.3%) 11 (55.0%) 0.279
Female 19 (31.7%) 9 (45.0%)
2.
Age (yrs.)
20 yrs. 42 (70.0%) 17 (85.0%) 0.187
>20 yrs. 18 (30.0%) 3 (15.0%)
3.
Todd’s palsy
Present 58 (96.7%) 17 (85%) 0.062
Absent 2 (3.3%) 3(15%)
4.
Nocturnal seizure onset
Present 56(93.3%) 18(82%) 0.070
Absent 4(6.7%) 2(18%)
5.
EEG abnormality
Present 49 (81.6%) 15 (75%) 0.519
Absent 11 (18.4%) 5(25%)
6.
Location of lesion
Parietal lobe 39 (65.0%) 11 (55.0%) 0.372
Frontal lobe 16 (26.7%) 8 (40.0%)
Occipital lobe 4 (6.7%) 0
Temporal lobe 1 (1.7%) 1 (5%)
7.
Lesion on follow up CT
Resolved 57(95%) 0(0.0%) 0.001
Calciﬁed 2(3.3%) 19(95%)
8.
Family history
Present 57(95%) 15(75%) 0.010
Absent 03(5%) 5(25%)
9.
Serial seizures (at onset)
Present 58(96.7%) 10(50%) 0.001
Absent 2(3.3%) 10(50%)
10.
Headache
Present 29(48.3%) 14(70%) 0.092
Absent 31(51.7%) 06(30%)
CT, computed tomography; EEG, electroencephalography.
Table 4
Prognostic factors in the calciﬁed lesion group.
S. No. Variable Seizure recurrence p Value
NO (n = 23) Yes (n = 12)
1.
Sex
Male 13 (56.5%) 9 (75%) 0.283
Female 10 (43.5%) 3 (25.0%)
2.
Age (yrs.)
20 yrs. 12 (52.2%) 10 (83.3%) 0.070
>20 yrs. 11 (47.8%) 2 (16.7%)
3.
Family history
Present 23 (100%) 9 (75%) 0.012
Absent 0 (0%) 3 (25%)
4.
EEG abnormality
Present 23 (100%) 10 (83.3%) 0.044
Absent 0 (0%) 2 (16.7%)
5.
Location of lesion
Parietal 16 (69.6%) 7 (58.3%) 0.527
Frontal 6 (26.1%) 5 (41.7%)
Temporal 1 (4.3%) 0
6.
Serial seizure (at onset)
Present 22 (95.7%) 7 (58.3%) 0.005
Absent 1 (4.3%) 5 (41.7%)
7.
Headache
Present 6 (26.1%) 4 (33.3%) 0.652
Absent 17(73.9%) 8 (66.7%)
EEG, electroencephalography.
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(Table 4). On multivariate analysis none of the signiﬁcant factors
was associated with seizure recurrence.
4. Discussion
In an Indian study, that included 2531 epileptic subjects,
localization-related epilepsies were found in 1591 (62.9%)
patients. Solitary cysticercus granuloma and focal cerebral
calciﬁcation accounted for 22% of the etiologic factors among
patient with localization-related epilepsies.2 Contrary to this in a
study, a previous study carried out in a developed country
described the investigation of 300 patients presenting with a ﬁrst
seizure or cluster of seizures. In this previous study, epileptogenic
lesions were seen in 38 patients. Seventeen of these lesions were
tumors. In none of the patient, neurocysticercosis and cerebral
calciﬁcation was demonstrated.20 In our series, solitary cysticercus
granuloma and focal cerebral calciﬁcation were the most frequent
neuroimaging abnormalities in newly diagnosed patients of
epilepsy having abnormal neuroimaging.
We observed that patients with solitary cysticercus granulomas
more often had secondarily generalized seizures, serial seizures,
EEG changes and Todd’s palsy while patients with calciﬁed lesions
had more frequent partial seizures and headache. Murthy and co-workers noted similar clinical differences in epilepsies associated
with solitary cysticercus granuloma and solitary cerebral calciﬁ-
cation. Transient focal neurologic deﬁcits were seen only in
patients with solitary cysticercus granuloma.2 We think that these
clinical points can help in the differential diagnosis of these two
conditions, even before neuroimaging has been done.
We observed that the patients with solitary cysticercus
granuloma had an signiﬁcantly fewer seizure recurrences, in
comparison to that in patients with calciﬁed lesions. Murthy and
co-workers have made similar observations in the past; in patients
with solitary cysticercus granuloma seizures did not recur after the
lesion had completely resolved. In patients with cerebral
calciﬁcation, seizure recurrence was observed in about 29% of
the patients during 3 years of follow-up.2
EEG abnormalities, a family history of epilepsy and serial
seizures predicted recurrence in patients with single parenchymal
calciﬁed lesion. Possibly, intermittent aggravation of inﬂammation
and subsequent development of perilesional edema in and around
calciﬁed lesions are likely pathogenic mechanisms responsible for
seizure recurrence. Release of antigen from the calciﬁed parasite
has been suggested as a trigger for inﬂammatory changes and
edema around the calciﬁcation.21–23 However, calciﬁed lesions and
perilesional edema are often too small to produce a focal
neurological deﬁcit. The presence of persistent enhancement of
these calciﬁed lesions is an additional risk factor for seizure
recurrence. Nash and co-workers demonstrated that in patients
presenting with recurrent seizures in about more than one-third of
these patients, one or more of the calciﬁc lesions were associated
with edema.22 Perilesional gliosis around a calciﬁed lesion can also
be responsible for persistent risk of seizure recurrence.
In our study, serial seizures, EEG abnormalities and calciﬁc
transformation of the granuloma were associated with an
increased risk of seizure recurrence in patients with solitary
cysticercus granuloma. Similarly, earlier studies have noted that
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risk of seizure recurrence, namely abnormal EEG and a symptom-
atic cause or a neurological deﬁcit.24 In patients with solitary
cysticercus granuloma the persistence of lesion or calciﬁcation of
lesion were found 2 most important factors responsible for seizure
recurrence.13 We further noted that a family history of seizures
was a potential risk factor responsible for seizure recurrence, in
patients of both the groups. Presence of both genetic and
electroencephalographic traits increases the propensity for seizure
recurrence.
We acknowledge that because of small sample size the power of
our study was insufﬁcient, therefore a clear-cut signiﬁcant
difference in the seizure recurrence pattern was not observed.
Another limitation to our study was that most of the factors that
could potentially predict seizure recurrence such as the enhance-
ment of calciﬁcation, perilesional edema or gliosis cannot be
studied with certainty. A magnetic resonance studies would have
been more beneﬁcial for this purpose.
In conclusion, in patients presenting with newly developed
epilepsy and CT imaging ﬁndings demonstrating the presence of a
solitary cysticercus granulomas, a family history of seizures, serial
seizures and calciﬁcation of the granuloma are associated with a
higher risk of seizure recurrence. In patients with calciﬁed brain
lesion, EEG abnormalities, family history of epilepsy and serial
seizures were associated with a higher risk of seizure recurrence.
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